Teschoviruses specifically infect pigs and are shed in pig feces. Hence, their presence in water should indicate contamination with pig fecal residues. To assess this hypothesis, we have developed a real-time reverse transcriptase PCR (RT-PCR) method that allows the quantitative detection of pig teschovirus (PTV) RNA. The method is able to detect 92 fg of PTV RNA per ml of sample. Using this method, we have detected the presence of PTV RNA in water and fecal samples from all pig farms examined (n ‫؍‬ 5). Feces from other animal species (cattle, sheep, and goats) were negative in this test. To compare the PTV RNA detection method with conventional chemical determinations currently in use for evaluation of water contamination, we analyzed water samples collected downstream from a pig slurry spillage site. We have found a positive correlation within both types of determinations. The sensitivity of the PTV detection assay was similar to that achieved by unspecific organic matter determination and superior to all other conventional chemical analyses performed. Furthermore, the new method is highly specific, revealing the porcine origin of the contamination, a feature that is lacking in currently available methods for the assessment of water contamination.
The pig industry produces large amounts of residues worldwide, representing an important environmental concern (14) . Accidental or deliberate spills, overuse as fertilizer, and emissions of incompletely depurated pig wastes, constitute major environmental risks (6) . Although alternatives for sustainable use of these wastes are available (12) , overproduction in certain areas creates economic constraints, preventing environmentally acceptable management. Organic loads, nutrients (17) , and metals (5) are considered the main environmental hazards derived from pig waste contamination of water, and the presence of antimicrobial residuals is receiving increasing attention (1) . The characteristic odor of pig manure disappears rapidly, and all major components are common to other wastes, including composted urban wastes, making it difficult to attribute the contamination of surface waters to pig waste disposal. Therefore, the availability of techniques allowing the identification of pig waste as the pollution source is highly desirable.
Recently, we have shown that the detection of bovine enteroviruses in surface waters can be useful to monitor water contamination by cattle residues (10) . The same rationale may be applied to the problem of determination of animal waste contamination for any livestock species, given an adequate viral candidate to detect. Optimally, the candidate must fulfill the following characteristics. (i) It must be specific for the livestock species under consideration. (ii) It must be endemic. (iii) It must be excreted in feces in detectable amounts. (iv) It must be stable in the environment. Accordingly, provided a swine-specific virus meets all these characteristics, it should be possible to exploit its presence in water as a reliable marker to determine if a given contamination of water is caused by pig waste. In the present study, we have investigated whether the members of the teschovirus group can be used for this purpose. Although originally described as the causative agents of a neurological disorder known as Teschen-Talfan disease (4), teschoviruses are generally nonpathogenic, and infections with them remain unapparent (7) . This characteristic is frequently found in endemic viruses. Teschoviruses were previously classified as enteroviruses due to the physicochemical properties of their virions, which resemble those of enteroviruses. They comprise 11 serotypes, and analysis of their nucleotide sequences has prompted reclassification of them into a new genus, Teschovirus, within the family Picornaviridae (3, (7) (8) (9) 18) .
In order to assess if the presence of teschoviruses in surface waters can be used as a marker of contamination with pig fecal residues, we developed a real-time reverse transcriptase PCR (RT-PCR) method that allows the specific and quantitative detection of pig teschovirus (PTV) RNA in environmental waters and biological samples. The design of the oligonucleotide primers and the 5Ј-6-FAM-3Ј-TAMRA-labeled TaqMan probe was achieved by identifying conserved regions through the aligned RNA sequences of all prototype strains of teschoviruses (PTV-1 to -11, GenBank accession no. AF231769, AB038528, AF296087, AF296088, AF296089, AF296090, AF296091, AF296092, AF296093, AF296094, AF296119, AF296095, and AF296096). The highly conserved 5Ј noncoding region (nucleotides [nt] 329 to 394, nucleotide numbering according to PTV-1 Talfan prototype strain sequence; GenBank accession no. AF231769) was chosen as the target for the forward and reverse primers and the fluorogenic TaqMan probe, whose sequences were, respectively, 5Ј-CACCAGCGT GGAGTTCCTGTA-3Ј, 5Ј-AGCCGCGACCCTGTCA-3Ј, and 5Ј-TGCAGGACTGGACTTG-3Ј.
We developed a quantitative real-time RT-PCR assay for porcine teschoviruses by using a standard PTV-1 (isolate Vir 1626/89; kindly provided by R. Zell, Jena University, Jena, Germany) in an ABI Prism 7700 sequence detection system. The virus, propagated in PK-15 cell monolayers, was concentrated and purified by ultracentrifugation of a clarified infection supernatant for 2 h at 130,000 ϫ g through a 2-ml 20% sucrose cushion. The viral RNA was isolated with the Qiamp viral RNA mini kit (Qiagen) according to the manufacturer's instructions (excluding RNA carrier to avoid interference with the RNA quantification). The RNA concentration was determined spectrophotometrically by measuring the A 260 of the preparation (in which 1 optical density unit corresponds to 40 g of RNA per ml). Dilutions of this viral RNA stock were used as a standard to quantify PTV RNA in water and feces samples. In order to optimize the method for maximum sensitivity and specificity, we tested several concentrations of primers and fluorogenic TaqMan probe, as well as different numbers of cycles and hybridization temperatures. The amplification was carried out with a commercial RT-PCR amplification kit (TaqMan One-Step RT-PCR master mix reagents; Applied Biosystems, Branchburg, N.J.), according to the manufacturer's instructions. The final TaqMan RT-PCR protocol consisted of the addition of 10 l of isolated RNA to 40 l of RT-PCR mix (25 l of TaqMan 2ϫ universal PCR master mix, 1.25 l of 40ϫ Multiscribe and RNase inhibitor mix from the TaqMan RT-PCR kit mentioned above, plus primers, to a final concentration of 0.5 M; fluorogenic TaqMan probe, to a final concentration of 0.25 M; and RNase-free water up to 40 l), and then the tubes were subjected to a first RT step at 48°C for 30 min, followed by 10 min at 95°C (hot start) and 50 cycles of 15 s at 95°C and 1 min at 60°C. All PTV RNA determinations throughout this study were performed in duplicate. Figure 1 shows the linearity and efficiency of the real-time RT-PCR when serially diluted RNA from the standard PTV was used as a template. The assay was linear over a 10 5 -dilution range with a correlation coefficient of 0.999, indicating that it was both reproducible and sensitive. Using this standard PTV-1 RNA, the assay was able to detect 2.8 fg of viral RNA, equivalent to 208 RNA molecules (approximately 7.4 ϫ 10 Ϫ3 50% tissue culture infective doses) per test tube, corresponding to 92 fg (6.8 ϫ 10 3 molecules) of PTV RNA per ml of initial sample. To assess whether the assay described above was suitable for the detection of PTV RNA molecules in environmental samples (water and feces), we analyzed samples consisting of sewage water, water from pigsty ponds, and pig slurry, collected from five different pig farms from the western, eastern, and central parts of Spain (provinces of Badajoz, Barcelona, and Madrid, respectively) that were at least 50 km apart from each other ( Table 1 ). Water samples (1.5 liters each) were tested without any concentration procedure or after concentration by filtration-elution through electropositive filters, as described elsewhere (11) . RNA was isolated from 140 l of water samples, water concentrates, or pig slurry with the Qiamp viral RNA mini kit (Qiagen) according to the manufacturer's in- structions. The RT-PCR assay was performed as described above. The specificity of the assay was assessed in parallel by using aqueous extracts of feces from cattle, sheep, and goats that were positive for bovine enterovirus (data not shown).
Results for samples from all pig farms examined were positive for PTV RNA, although it was necessary in some cases (such as samples APOBA1 and APOBA2) to concentrate the samples (water effluents) by filtration-elution to observe a positive result (Table 1) . Conversely, none of the nonporcine fecal samples was positive for PTV RNA in this analysis, To validate this method, we analyzed 100-ml water samples collected downstream from a pig slurry spillage at 24 different points (Fig. 2) . Samples were collected in the open duct and at different sites in the receiving streams. All samples were physicochemically analyzed, in parallel with the PTV RNA quantitative analysis. Sample collection and physicochemical analyses were performed by standard methods (routinely employed in the Laboratory of Ecotoxicology, Instituto Nacional de Investigación y Tecnologia Agraria y Alimentaria) (15) , including the analysis of metals by atomic absorption spectrophotometry (2) . PTV RNA was quantified by the real-time RT-PCR TaqMan protocol described above, using PTV-1 RNA (quantified spectrophotometrically) as the standard. Negative samples were reanalyzed after concentration by ultracentrifugation at 130,000 ϫ g for 2 h at 10°C, a concentration method more suited for small volumes (100 ml) than the filtration-elution method used above. The concentration factor (16ϫ) achieved with this method was estimated by measuring in parallel PTV RNA from two positive samples (samples 1 and 2) before and after concentration. Table 2 shows the comparison between PTV-RNA quantification and chemical determinations. The results reveal high concentrations of PTV (between 25,000 and 125,000 particles per ml) in samples 1 to 6, collected from an open duct of the farm, a result that is consistent with a considerable amount of pig waste. In the remaining samples collected from the receiving stream, PTV RNA concentrations were 15 to 1,000 times lower, due to the dilution effect. The PTV RNA became undetectable approximately 3,100 m downstream from the spillage, exactly at the same point organic matter dropped to background levels. Sample 7, collected upstream of the point at which the stream meets the duct draining the farm, was negative in the assay, as was sample 10, collected from a spring source 100 m away from the stream.
Statistical comparison of the data corresponding to PTVpositive samples (1 to 6 and 8 to 14; n ϭ 12) reveals a significant correlation between the quantity of PTV RNA and levels of organic matter, nitrites, potassium, and copper (Pearson correlation coefficients, r ϭ 0.94, 0.96, 0.82, and 0.86, respectively; n ϭ 12). The lack of correlation with nitrates (r ϭ Ϫ0.50) could be due to the rapid oxidation of nitrates to nitrites, which is expected, considering that dissolved oxygen was over the saturation value in the receiving water. In the same way, the large differences in the concentration of nitrates could be explained by a combination of oxidation at the surface and reduction in the waste bulk, in accordance with the significant concentration of nitrites and the absence of dissolved oxygen in the bulk effluent. The waste discharge increases the concentration of organic matter and nitrates in the stream. Additional peaks of nitrites and nitrates were observed several meters downstream from the discharge, likely originated by the mineralization of organic nitrogen (16) . Nitrates, potassium, and copper were still found at high levels upstream from the discharge, suggesting additional pollution sources probably caused by the use of pig manure as fertilizer. In the mixing zone, an increase in organic matter was observed, which cannot be explained by a direct organic matter load except for the indirect effect on algal growth associated with the presence of nitrates and other nutrients in the stream, a fact that highlights the lack of specificity of the organic matter determinations. Taken together, the results presented here indicate that PTVs can be highly sensitive and specific markers of water contamination due to pig waste. PTV RNA was detected up to 3 km downstream of the discharge, where the impacts on nitrates and nitrites were no longer observed. The analytical protocol described in this work can detect specific PTV RNA in amounts as low as 208 viral RNA molecules per test tube and is thus more sensitive than other protocols described recently in the literature for the detection of teschoviruses based on conventional RT-PCR (13) . Although the prevalence of PTV in pig populations remains to be clearly established, our results point out to a wide distribution, at least in Spain, since PTV was found in all samples analyzed, collected from five points up to 1,000 km distant from each other. A survey to assess the endemicity of these viruses is currently being conducted in our laboratory to assess the adequacy of teschoviruses as universal markers of pig fecal contamination in environmental water. 
